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Abstract 
In this paper, a method of producing the metallization on the alumina ceramic substrate by micropowders of ruthenium dioxide 
sintering using laser radiation with 10.6 micrometers length (carbon dioxide laser) is described. During the work parameters of 
the mask, allowing to reduce the width of the laser spot as well as to get a mildly sloping profile of the radiation intensity, due to 
which more uniform sintering of the powders and pastes based on them takes place, are calculated. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In our work, we tried to develop a fast, low cost and technology effective process for the production of MEMS 
microhotplates for using in gas sensors application, where it is sufficient to produce 10-100 samples per day with 
different layout of RuО2 metallization which is used as a heater. Of course, this technology can be used as well for 
middle-scale mass production of microhotplates for metal oxide gas sensors, up to several thousand units per day as 
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alternative to technologies which use vacuum sputtering technology for deposition of metallization which present in 
Karpov et al. (2013), Vasiliev et al. (2008) and Vasiliev et al (2011) or screen print technology which present in 
Samotaev et. al. (2013) and Samotaev et. al. (2007). Our main target in this work was to use low cost laser 
equipment for fabrication metallization on ceramic substrate used in sensor application with harsh environmental 
conditions presented in Samotaev et. al. (2014) Vasiliev et al (2014), where are relativity high power consumption 
and dimensions of MEMS platform are not critical. 
2. Theory and experiment 
During the work as a material of the metallized conductive tracks the ruthenium dioxide powder (particle size: 
100 nm) was used. Ruthenium dioxide decomposes into ruthenium and oxygen at a temperature of 950-1300°C, 
ruthenium melting point is 2250°C and boiling point is 4900°C. Ruthenium belongs to the platinum group of metals 
and is not oxidized in the air at temperatures up to 930°C, which makes it suitable as a metallization in high-
temperature heating schemes, used in gas sensors as well. Sintering is carried out on the ceramic Al2O3 substrate 500 
μm thick, onto which a layer of ruthenium dioxide powder of 10 microns is deposited. This thickness of a powder 
layer provides both metallized structures obtaining and simultaneous sintering of these metallized tracks in the 
ceramic substrate during the laser beam passing. 
                                   Table 1. Main characteristics of the laser machine.  
Laser source type CO2 tube 
Wavelength, μm 10,6 
Power (max),W 80 
Focused spot diameter with 80  mm lines, μm 500 
Laser position system - three-axis Servomotor  
Maximum speed of the laser beam, mm/s 300 
Software and hardware solution, μm 2,5 
 
Using a lens with a focal length f = 80 mm with the optimal selection of the sintering conditions provides to 
obtain the metallized track with a minimum width of 300 μm (Fig. 1a). To minimize the width of the sintered tracks 
the short-focus lens with a focal length f = 25,4 mm could be used with an optimally chosen mode of sintering; the 
result is metallized track with 166 μm width, which has infinite resistance due to its heterogeneity. 
 
 
Fig. 1. (a) Track with 300 μm width, after washing down of non-sintered ruthenium dioxide powder from the substrate; (b) Track with 166 μm 
width, after washing down of non-sintered ruthenium dioxide powder from the substrate. 
Fig. 1b shows the central region of the sintered track, where almost complete evaporation of the material is 
observed, while at the edges was obtained relatively homogeneous structure. This phenomenon could be explained 
by a Gaussian intensity distribution of the laser radiation (Fig. 2, Region I). When the laser power is reduced, and as 
consequence the emission intensity decreased, the width of the sinterable region decreases as well, which leads to 
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the energy in the sintering region becomes insufficient to melt the material, which results in complete absence of the 
sintered material instead of rather homogeneous sintering of the material. Gaussian intensity distribution for this 
case is shown in Fig. 2, Region II. Uniform material sintering could be achieved by making the Gaussian intensity 
distribution flatter; for this purpose the plane in which the sintering takes place should be located in the area of 
defocused laser beam (Fig. 2, Region III). However, due to removing the sintering plane to the defocused area at for 
example 18 mm, the laser beam diameter increases from 200 to 600 microns, which makes impossible to obtain 
microstructures with narrow width of 100 – 160 microns. For laser radiation with a mildly sloping intensity 
distribution lying in the region of ruthenium dioxide powder sintering, but with a minimum diameter of the laser 
spot, we produce a metal mask with a small hole in the center to be placed in defocused area relative to lens. 
Defocused area value can be estimated by successive increasing of the distance from the substrate on which the 
sintering powder takes place, to the lens, until the sintered track will obtain an uniform structure. When using a CO2 
laser machine with characteristics presented in the Table 1 and a lens with a focal length of 80 mm, the magnitude of 
the defocused area, in which an uniform sintering of ruthenium dioxide powder is observed, is equal to 18 mm. 
Placing a mask on this distance from the lens we obtain mildly sloping Gaussian intensity distribution, providing 
sintering of the tracks with uniform structure; depending on the mask hole diameter it is possible to vary the width 
of the sintered region (Fig. 2, Region IV). 
 
 
Fig. 2. Gaussian intensity distribution of the laser radiation. Literal “S” show the sintering area on the surface of substrate. 
For the ability to use the mask it is necessary to evaluate laser diffraction on the aperture and calculate the 
radiation intensity value after passing through the mask, with respect to the initial radiation intensity. If radiation 
intensity is reduced after passing through the mask compared to the initial by more than 7-10 times, the sintering 
will not take place due to the limited maximum value of the CO2 laser machine radiation power equal to 80 watts. 
 
 
Fig. 3. (a) Schematic representation of the laser sintering process using a mask. (b) Hole in the mask thickness of 1 mm diameter 220 mm fixed in 
a special holder on the laser head. 
The problem under consideration is equivalent to the problem of diffraction of a plane monochromatic wave 
passing from a remote source through a small round hole in non-transparent mask. For the ability of ruthenium 
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dioxide paste sintering using a mask it is necessary to choose such hole diameter, when passing through which the 
laser beam does not result in strong decrease in the intensity of the laser radiation incident on the substrate. For this 
purposes it is required to fit into the hole a little odd number of Fresnel zones. Taking into account the need to 
choose the minimum size of the hole in the mask, the hole should contain only one Fresnel zone. 
The required diameter can be calculated as: 
Ld O2            (1). 
Substituting the values of the laser wavelength and the distance from the substrate, we obtain the following 
diameters: when the distance between the mask and the substrate L = 1 mm, d Ĭ 206 microns; when L = 0,5 mm, d 
Ĭ 146 microns. 
For the ability of the sintering process it is sufficient to estimate the ratio of the intensity after passing through the 
















G           (2), 
where I – intensity in the center of the substrate, I0 – initial intensity, d – the hole diameter, λ – wavelength, L – 
distance between the mask and the substrate. As a result we calculate intensity ratio: when L = 1 mm and d = 206 
μm: δI=3.99; when L=0.5 mm и d=146 μm: δI=3.99. If the hole in the non-transparent mask leaves open only one 
Fresnel zone, the amplitude of oscillations at the observation point will increase in two times (and the intensity in 4 
times) compared to the effect of the unperturbed wave. Based on obtained results we can conclude that the use of 
mask with 206 μm hole at a distance from the mask to the substrate equal to 1 mm, and a mask with 146 μm hole at 
a distance from the mask to the substrate equal to 0.5 mm allow for sintering process 
3. Result and Discussion 
To verify the theoretical calculations in practice, the mask with 206 μm diameter (Fig. 3a) was made of stainless 
steel with 1 mm thickness and fixed in a special fitment using neodymium magnets (Fig. 3b). Using a lens with a 
focal length f = 80 mm in combination with mask, in optimally selected sintering conditions, allows to obtain a 
metallized track with a minimum width of 154 μm and the sintered structure of high uniformity (Fig. 4a). 
 
 
Fig. 4. Metallized track with 154 μm width, obtained by laser sintering of ruthenium dioxide powder using a mask, before (a) and after (b) 
removal of unsintered powder. 
4. Conclusion 
The ability to use the cheapest type of laser equipment – CO2 laser equipment for plastic cutting and engraving – 
from the existing currently on the market was demonstrated in the purpose to produce metallization for MEMS 
devices. For small and uniform spot of the laser radiation obtaining a combination of long-focus lens and mask with 
the hole was used. Laser radiation with improved parameters obtained in the result of the optical installation circuit 
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modernization allowed producing metallization of platinum and ruthenium dioxide with a high degree of 
homogeneity on a ceramic substrate. 
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